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• — COMPLETE SPECIFICATION 
Improvements in and relating to the Concentration of Aqueous 
Dispersions of Neoprenes 



We, E. I. Dv Pont db Nbmotos aot> 
Co. a Corporation, organised and existing, 
under the laws of the. State of Delaware, 
located at Wilmington, Delaware, United 
& States of America, and Fsakie Nahpm 
"Wilder., a citizen of tie United States of 
America, residing, at 3931, Elmwood 
Avenue, in Louisville, in the County of 
Jefferson and State of Kentucky, United 
10 States of America, do hereby declare the 
nature of this invention and in -what 
manner the same is to he performed, to be 



particularly 'described and ascertained in particles 



ing fluid interiors. Furthermore, the 
dispersing agent for the neoprene disper- 
sion is a soap or a. soap-lite material, 55 
(usually a sodium salt), whereas, in the 
case of natural latex, the dispersing agent 
is a protein. This is a particularly im- 
portant distinction since, according to . 
recent findings (see Bondy, Transactions 60 
of the Faraday Society, &,H>95 (1939)), 
" Creaming agents exert a dehydrating 
influence on the adsorbed stabilising pro- 
tein film, thereby causing the . rubber 



and' by the following statement: — 

15 This invention relates to the treatment 
of dispersions of neoprene-in-aqueons 
media end, more particularly, to a method 
• for concentrating such 'dispersions. 

It is known that when natural rubber 

20 latex is treated with a so-called creaming 
agent such as a protein or similar water- 
soluble organic colloid, the dispersed 
rubber rises through the dispersion, form- 
ing, as a distinct layer, a dispersion more 

25 concentrated with respect to rubber than 
the original latex, while the lower -layer 
contains a large proportion of the water- 
soluble . materials originally present, but 
practically none of the rubber. Since the 

30 two layers may be readily separated, 
rubber latex may be both concentrated 
and purified by this method. UTot only 
are colloid nl- substances of many different 
types effective as creaming agents, but 

35 they may also be applied successfully 
over a wide range of concentrations of 
both the. latex and the agent. 

When it is attempted, however, to apply 
these, methods and agents to dispersions 

40 o£ neoprene-in-aqueous media, with the 
object of purification and concentration, 
separation into two layers does not, in 
general, occut. This is not surprising, 
since the artificial dispersions of neoprene 

45 differ radically in a number of important 
respects from natural rubber latex. Thus, 
the particles of neoprene are very much 
smaller than those of natural rubber latex 
and are believed to be of uniform com- 

50 position throughout, whereas the particle 



Thus, 



adhere to one oaiother,)' 
CTeamiog appears from this 



to depend specifically on the presence of 
proteins, it is not to be expected that dis- 
persions which contain, instead of pro- 
teins, the quite unrelated synthetic die- 70 
peraing agents, would behave lite natural 
latex by the addition of creaming agents, 
As a matter of fact, attempts to concen- 
trate dispersions of neoprene by creaming 
were for a long time unsuccessful and led 7b 
many to the conclusion that such 'disper- 
sions could not be creamed. ■ Neoprene is 
a generic term for chloroprene polymers 
either unmodified or modified by poly- 
merising in the presence of lesser 80 
amounts of other materials which may or 
may not be jpolymerisable. e.g., sulphur, 
hydrogen sulphide, methyl methacrylate, 
isoprene. • The modification of chloroprene 
polymers is extensively described in. the 85 
literature and prior patents. Dispersion 
of neoprene-in-aqueous media . means 
aqueous diapersion3 ( of neoprene, the dis- 
persions containing 'dispersing agents, and 
possibly modifiers such as anti-oxidants. 90 

An object of the invention is, therefore, 
to provide a method for concentrating and 
purifying dispersions of neoprene-in- 
aqueous media by removing' a part of the 
aqueous phase. Another object is to dis- 95 
cover agents capable of concentrating dis- 
persions of neoprene-iu-aqueous media. 
Other objeefs will appear hereinafter- 

It has been found that these objects 
iaay be accomplished by treating these 100 
diversions of neonrene-in-nqueous media 
with aqueous solutions of alginates in pro- 



of natural latex are commonly held to be portions selected accordinjrto the conce-nftra- 
composed of solid elastic shells surround- tion of the dispersion so that; for each 100 
[Price 1/-] . 
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grams of aqueous phase of the dispersion 
to bo treated, the weight of alginate added 
(in grama) is 0.006 to 0.030 times the 
differences between seventy and the con- 

5 centration in per cent of the non-aqueous 
phase of the original dispersion. 

It has been further found that the 
amount of alginate to be added may be 
reduced when there is also present in the 

10 dispersion an alcohol such as cyclohexanol 
or a ketone having a solubility in water 
of from about 1 to about 20% at ordinary 
temperature. Moreover, the process is 
applicable only to dispersions in which 

15 the particles of neoprene are negatively 
charged. 

Expressed algebraically, the amount of 
alginate may be 'determined by the 
formula : 

20 A = KB(3 — C)(70 — D) 

wherein A is the amount of the alginate 
in parts by weight, B is the amount of the 
aqueous phase in parts by weight, O is 
the amount of the alcohol in per cent of 

25 the dispersed phase, D is the dispersed 
phase in per cent of the dispersion, and 
K is a coefficient whose value is within the 
range 0.00002 and 0.00010. 

In order that the -process may be more 

30 fully understood, the following specific 
examples are given by way of illustration, 
but the invention is not limited thereto 
as will become more apparent hereinafter. 
Example 1. 

35 The dispersion to be treated was pre- 
pared as follows: chloroprene (100 parts) 
containing 0.25 part of sulphur, 4 parts 
of rosin, and 2 parts of cyclohexanol was 
emulsified by mechanical agitation in 100 

40 parts of water containing 0.8 part of 
sodium hydroxide, 0.25 part of ammonium 
persulphate, 0.5 part of C-cetyl betaine. 
and 0.5 part the sodium salt of di- 
naphthylmethane sulphonic- acid. The 

45 dispersion was kept at 40° C. until poly- 
merisation was substantially complete and 
was then treated with 0.9 part of 'di- 
ethanolamine. The resulting 50% " dis- 
persion was creamed by the addition with 

50 good stirring of 20 parts of a 0.5% aqueous 
solution of ammonium alginate. On 
standing, the dispersion rapidly separated 
into two distinct layers, the -upper ono 
brown and almost clear. After 24 hours 
55 this layer amounted to about 18% of the 
original- volume. The lower layer re- 
sembled the original latex in appearance, 
but was somewhat more viscous. Analysis 
showed it contained 60% of solid material 

60 by weight. The upper layer was separ- 
ated by decantation. 

Example 2. 
200 Parts of a dispersion of neoprene- 
in-aqueous media prepared as in Example 

65 1 was treated with 20 parts of a U.5% 



aqueous solution of ammonium alginate 
which also contained 0.5% of the sodium 
salts of the sulphation product of a mix- 
ture of straight-chain primary aliphatic 
alcohols with an average chain length of 70 

13 carbon atoms. Tho lower layer which 
separated had a solids content of 62.5%. . 

Example 3. 

A dispersion of neoprene-in-aqueous 
media was prepared as described in 75 
Example 1 except that the proportion of 
water was 150 parts so as to give the dis- 
persion, before treatment, a solids content 
of 40%. 100 parts of this dispersion was 
treated with D parts of a 1% aqueous 80 
solution of ammonium alginate (which 
also contained 0.5% of the sodium salts 
used in Example 2) was then added so as 
to give 0.15% ot ammonium alginate 
based on the water content of the original 85 
latex. The analysis showed 60% solids 
in the lower layer. 

Similarly, 100 parts of 30% dispersion 
similar to that used in Example 3 was 
concentrated to 55% by the addition of 90 

14 parts of 1% alginate solution. A 20% 
dispersion was concentrated to 50% by 20 
parts of alginate solution and a 10% dis- 
persion wa9 concentrated to 38% and. on 
long standing, to 47% by the use of 27 95 
parts of the alginate solution per 100 parts 

of 'dispersion treated. It 'will be nofed 
that, in each case, the amount of 
ammonium alginate added is calculated 
from the equation A = O.O0005B (3— C) 100 

S70— D) given above for the treatment of 
ispersions containing, as these did, 2% 
of cyclohexanol based on the neoprene. 
Example '4. 
The dispersion to be treated was pre- 105 
pared by emulsifying 100 parts of chloro- 
prene containing 0.25 part of sulphur and 
4 parts of rosin in 150 parts of water con- 
taining 0.8 part of sodium hydroxide and 
0.25 part of ammonium persulphate. 110 
The polymerisation was carried out- at 
40" C. uDtil substantially complete. The 
resulting 40% dispersion after stabilisa- 
tion with 0.5 part of diethanolamine was 
treated with fw.o parts of V% ammonium 115 
alginate solution (27 parts per 100 parts 
of Jatex to be treated). After standing 
for 6 hours, the concentration of solids in 
the lower layer was 50%. 

Similarly, a 30% dispersion prepared 120 
like the one used in Example 4, except 
for a different proportion of water, was 
concentrated to 45% by the addition of 
42 parts of the 1% ammonium alginate 
solution for each 100 parts of the disper- 1~5 
sions to be treated and a 20% dispersion 
wa 9 concentrated to 40% by the addition 
of 60 parts. 

It will be noted that, in each case in 
Example 4, the quantity of ammonium 



alginate added is calculated from the 
equation A = 0.00015B(70— D), fl»e KB 
\fi~<>) being consolidated for dispersions 
_ containing no cyclohexanol; i.e where 

0 00005 K b ° inS eiV6n a Valwe of 
Example 5. 
A- 50% aqueous dispersion of neoprene 
prepared .as described, in Example 1 was 
10 continuously mixed with 75 grama of a 
L7o aqueous solution of ammonium algin- 
ate for each kilogram of dispersion and 
introduced continuously into a Sharpies 
IK ^ trLfu ,? e witi a W1 of 250 co - capacity. 
10 When, the rate of feed was adjusted so 
tnat tae dispersion remained in the bowl 
T nS^* 63 ' a ? d BPeed of rotation 
was 22 000 revolutions per minute, the 
denser layer delivered continuously from 
<M tee apparatus contained 60%. of solid 
material by weight, but retained all the 
characteristics of a dispersion. The less 
dense layer contained only negligible 
amounts* of the dispersed neoprene. 
to ihiB process differs from more conven- 
tional centrifuging in .that the denser 
XSf 18 tte ■definable product. 
The process can be applied to any 
neoprene dispersion in which the particles 
fre negatively charged-. Accordingly, 
the •dispersing agent must be one having 
an anionic eolubilising group. Examples' 
are water-soluble salts (usually sodium 
potassium or ammonium) of oleic acid' 
35 abutio acid, alfcyl naphthalene sulphonte 
acids, dinaphthyl methane sulphonie 
acids' a S Ctain ?U ' yI 8ul P iurio 

As suggested, above, the proportion of 
40 ammonium alginate, or other alginate, 
added is somewhat critical thus, if con! 
siderably smaller quantities than indicated 
m the above examples are used, the 
, r, separation is very incomplete and much 
45 of the neoprene remains in the upper 
layer. On the other hand, if the propor- 
tion of agent is considerably increased, 
the rate at which the process takes place 
Kn It £ }° nabl ^ reterded « even though 
50 the final result may be satisfactory. 
Ihere is, therefore, a range of concentra- 
tion of agent; given by the equation when- 
I 8 2 ^ a i ue "^^ia the range 0.00002, 
and 0.00010, within which gW results 
55 can be obtained. It i 8 obvious from the 
above discussion that lower proportions 
of the concentrating agent can be used, 
taat is, the value of K in the equation 
may be reduced as far as 0.00002, when 
bll speed is more important than obtaining 
tie maximum concentration and complete 
recovery of the neoprene. On the other 
hand, larger proportions can be used, that 

65 0.00010, when speed is relafively unim- 



portant or when the separation is acceler- 
ated either by increasing the temperature 
or increasing the force acting upon the 
particles, as by the use of a centrifuge, 
n nnn^* au * tao1 ?, I an £ e for K is about 70 
0.00005 to about 0.00008, while values of 
about 0.000075 are particularly preferred. 

As concentrating agent for dispersions 
of neoprene, the water-soluble alginates " 
such as sodium and potassium alginates 75 
and particularly ammonium align ate, are 
preferred. Alignotes which have not 
suffered extensive degradation during 
their preparation and which, accordingly 
give viscous aqueous solutions, are also 80 
preferred. 

The following agents which have been 
reported to cream natural latex were tried 
for neoprene dispersions, in most cases in 
several different proportions chosen in the 86 
light of experience with the use of 
alginates, and were found to produce no 
creaming: gum arable, egg albumen, 
blood albumen, agar, gum mastic, Iceland 
moss, and ethyl cellulose* 90 

The following, tried in the same way, 
gave only a trace of creaming: gelatin, 
pectin, soluble steTch, glue, and wheat 
gluten. 

In the above Examples, the concentrat- 95 
ing agent is usually added in the form of 
a , 1 ,\°o r °- 5 % saueous solution; although 
addition ae solids can be used if proper 
precautions to insure solution in the dis- 
persion are use'd. More concentrated 100 
solutions are usually too viscous to be 
readily incorporated into the latex with- 
out local flocculation. On the other hand, 
more dilute solutions must, of course, be 
used in large amounts and, hence, con- 105 
siderably dilute the system with water 
and reduce the concentration obtainable. 
In some of the above Examples, a solution 
containing both alginate and a sodium 
salt of a sulphated higher alcohol are used HQ 
-L he latter reduces the viscosity of the 
solution and, hence, makes it easier to 
incorporate info the latex, and also re- 
duces the viscosity of the latex, making 
the separation more rapid. Unlike natural 115 
latex, however, the dispersions such as are 
treated in the present invention, are not 
concentrated by. the addition of the sul- 
phates alone. ■ Other surface-active 
agents such as sodium oleate, dinaphthyl- 120 
methane sodium sulphonate, sodium di- 
butyl dithiocarbamate, and the alkalis 
have similar effects. 

Temperatures between 15 °G. and 30*0. 
are usually preferred for carrying out the 125 
process of this invention, although both 
higher and lower temperatures may also 
be used to an advantage under certain 
conditions. Increasing the temperature 
increases the rate of separation without, 130 
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in general, altering tie extent to which 
the separation may ultimately proceed. 
For this reason, when -working at tempera- 
tures higher than the 25° C, the best 

5 practical conditions may involve a some- 
what higher proportion of agent than 
given by the equation and more concen- 
trated-products may be obtained. 

As shown by the Examples and by the 

10 equations, the presence o£ cyclohexanol 
reduces the proportion of alginate required 
for best results. Other alcohols or ketones 
having solubilities in water between about 
1 and about 20 per cent at ordinary tem- 

15 peratures can also be used. Suitable 
Examples of members of this -class aTe 
»-butanoi, rc-bctanol, methyl cyclohexanol, 
methyl cyclohexanone, 7^-he3:anol, benzyl 
alcohol, methyl bntyl ketone, and diethyl 

20 ketone. The alcohol or ketone can be used 
in amounts up to 2.5% based on the dis- 
persed phase. Larger amounts of alcohol 
or ketone are not within the scope of this 
invention. The alcohol or ketone or mix- 

25 ture of the two can be added either before, 
during, or after the polymerisation of the 
chloroprene. The use of 2% of cyclo- 
hexanol is a preferred embodiment of the 
invention. 

30 The two layers formed in the process of 
the present invention can be separated by 
any appropriate mechanical means such as 
decantation or syphoning of the upper 
layer, or removal of the lower layer in a 
35 separatory funnel or. similar device. As 
mentioned above, the rate of separation 
can be increased by increasing the force 
acting upon the particles, as by centrifug- 
ing. The operation can be made con- 
|40 tinuous* by mixing continuous streams of 
1 the latex to be treated and the alginate 
solution or other agent in appropriate 
proportions and then passing them con- 
tinuously through any form of continuous 
i centrifuge known in the prior art. It is 
sometimes advantageous, particularly 
when a very concentrated latex i3 desired, 
to carry out -the process in two or more 
steps: that is, to treat the partly concen- 
50 trated dispersion with a further quantity 
of agent. "When purification of the dis- 
persion is the principal object, it is some- 
times advantageous to use an alginate 
solution more dilute than 0.5% or to 
55 dilute the latex with water before adding 
the agent since it has been found that the 
water-soluble material has the same con- 
centration in th© aqueous phase of the 
lower layer as in the clear upper layer. 
60 Hence, the larger the relative proportion 
' of the clear layer, the greater is the re- 
moval of water-soluble materials from the 
lower layer containing the dispersed 
chloropren© -polymer. Repeated treat- 
65 ments will. still . further reduce the propor- 



tion of water-soluble, material associated 
with the chloroprene polymer. 

A method for removing a portion of the 
aqueous phase of dispersion of neoprene 
ha3 been developed and can be used f or 70 
concentrating such dispersions or for 
purifying them or for both purposes 
together.. It thus gives a commercially 
practical method for obtaining aqueous 
neoprenet dispersion of substantially <o 
greater concentration than 50%. Other 
methods proposed for preparing 6uch dis- 
persions are less suitable for large scalo 
production. Thus, it is usually very 
difficult or impossible on a large scale to 80 
prepare these more concentrated disper- 
sions directly by dispersing the chloro- 
prene in the required- small volume of 
water and then polymerising, because of 
the large quantity of heat which must be 85 
removed from the small volume of dis- 
persion in order to keep the temperature 
under control. Similarly, the concentra- 
tion of aqueous dispersion of neopTeiie by 
evaporation or distillation is very trouble- 90 
some because of -excessive foaming caused 
by the dispersing agents which must be 
used and, moreover, causes an increase in 
the concentration of the water-soluble 
impurities in the aqueous phase. 95 

An advantageous combination of the 
concentration and purification features of 
the process of the present invention is 
brought about when 40% dispersion is 
prepared and then creamed to 50% or 100 
higher. As compared with a 50% dis- 
persion, prepared directly by polymerisa- 
tion, this dispersion contains less water- 
soluble impurities and is more readily _ 
prepared since the polymerisation of the 105 
40% dispersion is much more readily con- 
trolled than air 50%, 

It will be seen that the above equa- 
tions represent straight-line relationship 
between the concentration of the latex and 110 
the proportion of alginate to be added. 
In both cases, when D = 70, A = 0, or, in 
other words, a 70% latex, cannot, accord- 
ing to this, be further concentrated. This 
value is fairly close to the theoretical 115 
value for the percentage of space occupied 
by incompressible spheres of equal size 
arranged in the most tightly packed 
manner; that is, the highest concentration 
of latex theoretically possible, assum- 120 
ing -uniform, incompressible, spherical 
particles. It will be further, seen that 
the curves corresponding to these ^equa- 
tions differ only in their slope which is 
related to the proportion of the cyclo- l-o 
hexanol. Curves for other systems con- 
taining other proportions of cyclohexanol 
or other alcohols or ketones likewise have 
the same form and. differ only in slope._ 

Having now particularly described and loU 
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ascertained the nature of our said inven- 
tion and in what manner the same' is to 
be performed, we declare that what we 
claim is: — 
O 1. A process for concentrating a 
neoprene-in-aqueous medium dispersion 
wherem the neoprene particles are nega- 
tively charged, which dispersion contains 
from 0 to 2.5% hased on the weight of the 

10 dispersed phase of an alcohol or a ketone 
or a mixture of the two having a water- 
solubihty of about from 1 to 20% which 
comprises adding to such dispersion an 
amount of a water-soluble alginate "deter- 

10 mined by the formula 

, A = KB (3 — C)<(70 — D) 
wherem A is the amount of the alginate 
in parts by weight, B is the amount of the 
aqueous phase in parts by weight, O is the 

20 amount of the alcohol or ketone in per 



cent of the dispersed phase, D is the 
amount of the dispersed phase in per cent 
of the dispersion, and Kis a coefficient 
whose value is within the ranee 0. 00002 
to 0.00010. 25 

2. A process as claimed in Claim 1, 
according to which the alginate is 
ammonium, sodium or potassium alginate. "~ 

3. A procBsa as claimed in either of 
Claims 1 and 2, according to which the 30 
alginate is added in an aqueous solution 
containing also a surface active, agent. 

4. A process as claimed in any of 
Claims 1 to 3. according to which the 
alcohol is cyclohexanol. 35 

5. A process as claimed in Claim 1 sub- 
stantially as described in the Examples. 

Dated the 25th day of September, 1944. 
J, W. BIDSDALE, 
Solicitor for the Applicants. 
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